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APPARATUS AND METHOD TO WRITE 
INFORMATION TO ONE OR MORE 
INFORMATION STORAGE MEDIA 

FIELD OF THE INVENTION 

Applicant’ s invention relates to an apparatus and method to 
Write information to one or more information storage media 
contained in a data storage and retrieval system. In certain 
embodiments, Applicants’ invention relates to an apparatus 
and method to Write information to one or more portable tape 
storage media in a virtual tape system. 

BACKGROUND OF THE INVENTION 

In hierarchical computer storage systems, intensely used 
and fast storage are paired With arrays of sloWer and less 
frequently accessed data devices. One example of high 
speed, expensive memory is a direct access storage device ?le 
buffer (DASD). SloWer storage devices include tape drives 
and disk drive arrays, Which are less expensive than a DASD. 
One such hierarchical storage system is a virtual tape stor 

age system. Such a virtual tape storage system may include, 
for example, one or more virtual tape servers in combination 
With one or more data storage and retrieval systems, such as 
the IBM TotalStorage® 3494 Enterprise Tape Library. Dur 
ing operation, the virtual tape storage system is Writing data 
from a host to the numerous data storage devices contained in 
the one or more data storage and retrieval systems. 

Automated data storage and retrieval systems are knoWn 
for providing cost effective access to large quantities of stored 
media. Generally, a data storage and retrieval system includes 
a large number of storage slots on Which are stored portable 
data storage media. The typical portable data storage media is 
a tape cartridge, an optical cartridge, a disk cartridge, elec 
tronic storage media, and the like. By electronic storage 
media, Applicants mean a device such as a PROM, EPROM, 
EEPROM, Flash PROM, and the like. 
One (or more) accessors typically accesses the data storage 

media from the storage slots and delivers the accessed media 
to a data storage device for reading and/or Writing data on the 
accessed media. Suitable electronics operate the accessor(s) 
and operate the data storage device(s) to provide information 
to, and/or to receive information from, an attached on-line 
host computer system. 

SUMMARY OF THE INVENTION 

Applicants’ invention includes a method and apparatus to 
Write information to one or more information storage media 
disposed in a data storage and retrieval system. That data 
storage and retrieval system includes one or more information 
storage devices comprising one or more data compression 
algorithms. In certain embodiments, these one or more infor 
mation storage media comprise portable tape cartridges dis 
posed in a virtual tape storage system. 

Applicant’s method establishes a storage medium usage 
threshold, and determines an actual storage media usage 
level. Applicants’ method then determines if the actual stor 
age media usage level is greater than the storage medium 
usage threshold. If the actual storage media usage level is 
greater than said storage medium usage threshold, then Appli 
cants’ method enables use of the one or more data compres 
sion algorithms. Alternatively, if the actual storage media 
usage level is not greater than said storage medium usage 
threshold, then Applicants’ method disables use of the one or 
more data compression algorithms. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be better understood from a reading of 
the folloWing detailed description taken in conjunction With 
the draWings in Which like reference designators are used to 
designate like elements, and in Which: 

FIG. 1 is a perspective vieW of a ?rst embodiment of 
Applicant’s data storage and retrieval system; 

FIG. 2 is a perspective vieW of a second embodiment of 
Applicant’s data storage and retrieval system; 

FIG. 3 is a block diagram shoWing the components of 
Applicants’ virtual tape system; 

FIG. 4 shoWs the size of a logical volume at a host com 
puter, in a data cache disposed in a virtual tape system, and as 
Written to an information storage medium; 

FIG. 5 depicts a plurality of logical volumes Written to tWo 
data storage media; 

FIG. 6A illustrates a ?rst embodiment of copying one or 
more logical volumes from a ?rst information storage 
medium to a second information storage medium; 

FIG. 6B illustrates a second embodiment of copying one or 
more logical volumes from a ?rst information storage 
medium to a second information storage medium; 

FIG. 7 illustrates the size of a logical volume using various 
embodiments of data compression; 

FIG. 8 summarizes the steps of one embodiment of Appli 
cants’ method to Write information to one or more informa 

tion storage media; 
FIG. 9 summarizes certain additional steps of a second 

embodiment of Applicants’ method to Write information to 
one or more information storage media; 

FIG. 10 summarizes certain additional steps of a third 
embodiment of Applicants’ method to Write information to 
one or more information storage media; 

FIG. 11A summarizes certain additional steps of a fourth 
embodiment of Applicants’ method to Write information to 
one or more information storage media; 

FIG. 11B summarizes certain additional steps of a ?fth 
embodiment of Applicants’ method to Write information to 
one or more information storage media; 

FIG. 12 graphically depicts a ?rst distribution function for 
the quantity of data stored on a plurality of information stor 
age media; 

FIG. 13 graphically depicts the distribution function of 
FIG. 12 and the actual information usage level formed using 
that distribution function; 

FIG. 14 graphically depicts the distribution function of 
FIG. 12, the actual information usage level of FIG. 13, and an 
information storage threshold level determined using Appli 
cants’ method; and 

FIG. 15 graphically depicts a second distribution function, 
a second actual information usage level formed using the 
second distribution function of FIG. 14, and the information 
storage threshold level of FIG. 14. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the illustrations, like numerals correspond to 
like parts depicted in the ?gures. The invention Will be 
described as embodied in a virtual tape server in combination 
With an automated data storage and retrieval subsystem for 
use in a data processing environment. The folloWing descrip 
tion of Applicant’s apparatus and method is not meant, hoW 
ever, to limit Applicant’s invention to either virtual tape stor 
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age systems, or to data processing applications, as the 
invention herein can be applied to information storage in 
general. 

FIG. 3 illustrates the hardWare and softWare environment 
in Which preferred embodiments of the present invention are 
implemented. Virtual tape server (VTS) 300 is pictured, 
operatively coupled to a host computer 390. In certain 
embodiments, host computer 390 comprises a single com 
puter. In alternative embodiments, host computer 390 com 
prises one or more mainframe computers, one or more Work 

stations, one or more personal computers, combinations 
thereof, and the like. 

Host computer 390 communicates With VTS 300 via com 
munication link 392 With one or more host adapters, such as 
adapters 302 and 304 disposed Within the virtual tape server 
300. Communication link 392 comprises a serial interconnec 
tion, such as an RS-232 cable or an RS-432 cable, an ethemet 

interconnection, a SCSI interconnection, a Fibre Channel 
interconnection, an ESCON interconnection, a FICON inter 
connection, a Local Area Network (LAN), a private Wide 
Area NetWork (WAN), a public Wide area netWork, Storage 
Area NetWork (SAN), Transmission Control Protocol/Inter 
net Protocol (TCP/IP), the Internet, and combinations 
thereof. In certain embodiments, the one or more ho st adapt 
ers comprise one or more IBM Enterprise Systems Connec 
tion (ESCON) adapter. In certain embodiments, the one or 
more host adapters comprise one or more IBM Fibre Connec 
tion (FICON) adapter. In certain embodiments, communica 
tion link 392 comprises a ?ber optic local area netWork used 
to link mainframes to disk drives or other mainframes. 

In certain embodiments, host adapters 302 and 304 are 
capable of data compression. In these embodiments, host 
adapters 302 and 304 contain data compression algorithms. 
As those skilled in the art Will appreciate, such data compres 
sion algorithms generate second information Which repre 
sents source data, i.e. ?rst information, accurately using the 
feWest number of bits. In certain embodiments, adapters 302/ 
304 are capable of data compression having a data compres 
sion ratio of about 4:1. In certain embodiments, adapters 
302/304 are capable of data compression having a data com 
pression ratio greater than about 4: 1 . In certain embodiments, 
a host computer, such as host 390, can enable or disable data 
compression by adapters 302 and 304. In certain embodi 
ments, the VTS, such as VTS 300, can enable or disable data 
compression by adapters 302 and 304. 
VTS 300 also communicates With direct access storage 

device (DASD) 310, a plurality of data storage devices 130/ 
140, and library manager 160. Data storage devices 130 and 
140, and library manager 160, are disposed Within one or 
more data storage and retrieval systems, such as data storage 
and retrieval systems 100 (FIG. 1)/200 (FIG. 2). In certain 
embodiments, DASD 310 is integral With host 390. In certain 
embodiments, DASD 310 is integral With VTS 300. In certain 
embodiments, DASD 310 is integral With a data storage and 
retrieval system. In certain embodiments, DASD 310 is exter 
nal to host 390, VTS 300, and the one or more data storage and 
retrieval systems in communication With VTS 300. In the 
embodiment of FIG. 3, library manager 160 communicates 
With data storage devices 130 and 140. In alternative embodi 
ments, library manager 160 does not directly communicate 
With data storage devices 130/140. 
VTS 300 further includes storage manager 320, such as the 

IBMAdstar® Distributed Storage Manager. Storage manager 
320 controls the movement of data from DASD 310 to infor 
mation storage media mounted in data storage devices 130 
and 140. In certain embodiments, storage manager 320 
includes an ADSM server 322 and an ADSM hierarchical 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
storage manager client 324. Alternatively, server 322 and 
client 324 could each comprise an ADSM system. Informa 
tion from DASD 310 is provided to data storage devices 130 
and 140 via ADSM server 322 and SCSI adapter 385. 
VTS 300 further includes autonomic controller 350. Auto 

nomic controller 350 controls the operations of DASD 310, 
and the transfer of data betWeen DASD 310 and data storage 
devices 130 and 140. Library manager 160 communicates 
With autonomic controller 350. In certain embodiments, con 
troller 350 includes a computer useable medium 352 having 
computer readable program code 354 disposed therein for 
implementing Applicants’ method to enable and disable data 
compression by one or more information storage devices. In 
certain embodiments, controller 350 includes program code 
354 stored in one or more memory devices, such as a mag 
netic disk, a magnetic tape, electronic storage medium, opti 
cal storage medium, or other non-volatile memory device, 
and combinations thereof. 

Data storage devices 130 and 140 contain one or more data 
compression algorithms. In certain embodiments, devices 
130/140 are capable of data compression having a data com 
pression ratio of about 4:1. In certain embodiments, devices 
130/140 are capable of data compression having a data com 
pression ratio greater than about 4: 1. 
From the host computer 390 perspective, device daemons 

370, 372, and 374 appear to comprise multiple information 
storage devices attached to host adapters 302/304. Informa 
tion is communicated betWeen DASD 310 and host 390 via 
storage manager 320 and one or more of device daemons 370, 
372, and 37 4. 

Host computer 390 comprises a computer system, such as 
a mainframe, personal computer, Workstation, etc., including 
an operating system such as WindoWs, AIX, Unix, MVS, 
LINUX, etc. (Windows is a registered trademark of Microsoft 
Corporation; AIX is a registered trademark and MVS is a 
trademark of IBM Corporation; and UNIX is a registered 
trademark in the United States and other countries licensed 
exclusively through The Open Group.) In certain embodi 
ments, host computer 390 includes a storage management 
program 394 (not shoWn in FIG. 3). The storage management 
program 394 in the host computer 390 may include the func 
tionality of storage management type programs knoWn in the 
art that manage the transfer of data to a data storage and 
retrieval system, such as the IBM DFSMS implemented in the 
IBM MVS operating system. 
The IBM DFSMS softWare is described in “Z/OS V1R3 

DFSMS Introduction,” IBM document no. SC26-7397-0l, 
Which document is incorporated herein by reference in its 
entirety. Storage management program 394 may include 
knoWn storage management program functions, such as recall 
and migration. The storage management program 394 may be 
implemented Within the operating system of the host com 
puter 390 or as a separate, installed application program. 
Alternatively, storage management program 394 may include 
device drivers, backup softWare, and the like. 

Referring noW to FIG. 1, automated data storage and 
retrieval system 100 is shoWn having a ?rst Wall of storage 
slots 102 and a second Wall of storage slots 104. Portable data 
storage media are individually stored in these storage slots. In 
certain embodiments, such data storage media are individu 
ally housed in portable container, i.e. a cartridge. Examples of 
such data storage media include magnetic tapes, magnetic 
disks of various types, optical disks of various types, elec 
tronic storage media, and the like. 

Applicant’s automated data storage and retrieval system 
includes one or more accessors, such as accessors 110 and 

120. An accessor is a robotic device Which accesses portable 
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data storage media from ?rst storage Wall 102 or second 
storage Wall 104, transports that accessed media to data stor 
age devices 130/140 for reading and/or Writing data thereon, 
and returns the media to a proper storage slot. In certain 
embodiments, data storage devices 130 (FIGS. 1, 2, 3) and 
140 (FIGS. 1, 2, 3) comprise IBM TotalStorageTM 3590 tape 
drives and the portable information storage media comprise 
magnetic tapes housed in IBM TotalStorageTM 3590 tape 
cartridges. TotalStorage is a trademark of the IBM corpora 
tion. 

Device 160 comprises a library manager. In certain of these 
embodiments, library controller 160 is integral With a com 
puter. Operator input station 150 permits a user to communi 
cate With Applicant’s automated data storage and retrieval 
system 100. PoWer component 180 and poWer component 
190 each comprise one or more poWer supply units Which 
supply poWer to the individual components disposed Within 
Applicant’s automated data storage and retrieval system. 
Import/export station 172 includes access door 174 pivotably 
attached to the side of system 100. Portable data storage 
cartridges can be placed in the system, or in the alternative, 
removed from the system, via station 172/access door 174. 

FIG. 2 shoWs system 200 Which comprises another 
embodiment of Applicant’ s data storage and retrieval system. 
System 200 includes ?rst storage Wall 202 and second storage 
Wall 204. Storage Walls 202 and 204 each include a plurality 
of storage elements in Which can be stored a plurality of 
portable data storage media. System 200 includes tWo or 
more data storage devices, such as devices 130 and 140. Data 
storage device 130/140 each comprise a ?oppy disk drive, an 
optical disk drive, a magnetic tape drive, an electronic media 
drive, and the like. System 200 further includes controller 
160. System 200 further includes an operator control panel 
(not shoWn in FIG. 2). 

System 200 further includes one or a plurality of portable 
data storage cartridges located in one or more slots in storage 
Walls 202/204. Each such cartridge contains a data storage 
medium located therein. Such data storage media includes 
optical media, magnetic media, tape media, electronic media, 
and combinations thereof. 

System 200 also includes at least one robotic accessor 210 
for transporting a designated portable data storage medium 
betWeen a storage slot disposed in ?rst Wall 202 or second 
Wall 204 and data storage device 130/140. 

Referring again to FIG. 3, virtual volumes that are recently 
accessed by host 390 are maintained in DASD 310. There 
fore, at any given time a plurality of virtual volumes are stored 
in DASD 310. Virtual volumes that are less recently accessed 
may be Written to one or more second information storage 
media using data storage devices 130/140. Such second infor 
mation storage media include magnetic storage media, opti 
cal storage media, electronic storage media, and combina 
tions thereof. 
A logical volume is transmitted to VTS 300 by host 390 as 

uncompressed data, i.e. ?rst information. Referring to FIG. 4, 
table 400 graphically depicts the relative siZes of such a 
logical volume using various data compression embodi 
ments. Column 410 shoWs the relative siZes of a logical 
volume as received by the VTS from a host, as stored in the 
VTS data cache, and as Written by an information storage 
device, Where only storage device data compression is used. 
Logical volume 412 comprises uncompressed data, i.e. ?rst 
information, received from a host computer. In a storage 
device data compression only embodiment, logical volume 
412 is not compressed by the receiving host adapter in the 
VTS, such as host adapter 302 for example. This being the 
case, logical volume 412 is stored in the VTS cache, such as 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
cache 310, as received. Thereafter, logical volume 412 is 
compressed to logical volume 414 When Written by an infor 
mation storage device using a data compression algorithm. 
Column 430 shoWs the relatives siZes of a logical volume 

as received by the VTS from a host, as stored in the VTS data 
cache, and as Written by a data storage device, Where only host 
adapter data compression is used. Logical volume 412 com 
prises uncompressed data, ie ?rst information, received 
from a host computer. In a host adapter compression only 
embodiment, logical volume 412 is compressed to logical 
volume 424, i.e. second information, by the receiving host 
adapter in the VTS, such as host adapter 302 for example. 
Logical volume 424 is stored in the VTS cache. Thereafter in 
this embodiment, logical volume 436 is Written by an infor 
mation storage device Without using data compression. 
Column 420 shoWs the relatives siZes of a logical volume 

as received by the VTS from a host, as stored in the VTS data 
cache, and as Written by a data storage device, Where both host 
adapter data compression and information storage device 
data compression are used. Logical volume 412 comprises 
uncompressed data, i.e. ?rst information, received from a host 
computer. In this embodiment, logical volume 412 is com 
pressed to logical volume 424, i.e. second information, by the 
receiving host adapter in the VTS. Logical volume 424 is 
stored in the VTS cache. Thereafter, logical volume 426, i.e. 
third information, is Written by the data storage device again 
using data compression. In this “double compression” 
embodiment, logical volume 426, i.e. the tWice-compressed 
volume, is larger than logical volume 436, i.e. the once 
compressed volume. In certain embodiments, logical volume 
426 is about ten percent larger than logical volume 436. 

Because volume 426 is larger than volume 436, using both 
host adapter data compression and storage device data com 
pression is not optimal. Such double compression results in 
increased storage requirements and decreased throughput 
When Writing an already-compressed volume again using 
data compression. It might appear that if host adapter data 
compression is available, then storage device data compres 
sion should alWays be disabled. 

Applicants have found, hoWever, that it is not alWays 
advantageous to disable drive compression in aVTS compris 
ing compression-capable host adapters. When “reclaiming” 
an tape storage medium, decreased VTS performance can 
result if information storage device data compression is dis 
abled even if the VTS includes compression-capable host 
adapters. FIG. 5 illustrates the reclamation process. 

Referring noW to FIG. 5, at time T0 storage medium 510, 
i.e. Tape X, comprises a plurality of logical volumes includ 
ing volumes 500, 501, 502, 503,504, 505, 506, and 507. For 
illustrative purposes, FIG. 5 shoWs Tape X comprising eight 
(8) logical volumes, With logical volume 507 ending at end of 
tape 514. In certain embodiments, end of tape 514 comprises 
a physical end of the tape medium. In certain embodiments, 
end of tape 514 comprises a logical end of the tape medium. 
As those skilled in the art Will appreciate, Tape X may com 
prise many thousands of individual ?les. Storage medium 
520, i.e. TapeY, comprises no data at time T0. 
As those skilled in the art Will appreciate, over time certain 

data, i.e. historical data, and certain volumes, i.e. historical 
volumes comprising that historical data, are superceded With 
neW data and neW volumes. Such historical volumes are rarely 
if ever accessed by host computers. Nonetheless, information 
storage media comprising those historical volumes remain 
stored in the data storage and retrieval system. 


















